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û�v��>�/r>q�|�~_q�w¯r>q�t�{_u1u1x���tº��~���{�wdw�{"��r'y�{!w�u1r/��{"u��

• 
³Ê�%���'{"��{"q�t�~"t>r'v�q�v��¡~!�¡��r·�.t/��{!y"�'~��@�

• 
³Ê�%���'{"��{"q�t�~"t>r'v�q�v��¡~�t/x�u1q°v�x�tÍy

lass

Ö x�u1q�v�x�t'��~_u}{s{"�'{�y"t/u�v
-
��{�y"��~"q�r'y7~"��w�{"��r·y�{�������r'y�� �@v���{"t>r/��{����@~"r>�§t�v®v���{_u�~"t'{sy�v�u'u@{7y"t>�>z¥� Ö �°{

�@v��.t���~"u�{$��x��.t£w�{"t�{�y"t£~"q�w¢y�v�u.u�{7y"t t/x�u1q�v�x�t �@~"r>�/x�u}{��@� Ï t>x�w�{"q�t'�¡w�{"u1r/��{$t>��{"r/u�y�v�wn{$�1u@v��Õ�.t'~"t�{$��~7y"��r>q�{��
t>��{�z+wn{"��{"�'v��dr>q�v�q�{!v��°t>�°{���{�y"t>x�u@{!��{��@�.r'v�q��@�

�����$��-@�
	<�����å���"�

Ï t>x�w�{"q�tW~"u@{�w�r>��r'w�{�w9r>q�t'v�t�{�~_���!v���t>��u�{�{�v�u$�@v�x�u��.t�x�w�{_q�t���t'v�y�v��%���'{"t�{9~��.x����.t'~"q�t>r'~"�¡ã@Þ�Ä
-
Þ�Ã�
��>r>q�{��@ä

��u�v_¬}{�y"t'� Ö {7~"���W~_u�{$�1u@{7{�t�v¯�@v�u1��x���~"t'{�t>��{"r/u¡v��¡qd�nu}v_¬­{�y_t��@�¯¾(r>q�r>��x��s��u@v_¬­{�y"tºu�{���x�r/u�{"��{"q�t���r>q�y"�/x�w�{

• 
æ<x�q�q�r>q�|Î��x��>t/r>����{²t>u�~_r>q��

• 
p�t´�'{�~��.t4v�q�{�t>u@~"r>q�y�v�q�t/u�v��/�·{�w¯�nz¨~���x���~"q�{"q°|¦r>q°{�{_u

• 
µ vdy�v��>�/r��.r'v�q��

• 
É%{"t�{�y"t>r'v�q�~"q�w¯u}{�y�v��°{"u�z��'u�v�����~"u�w���~�u�{²�}~"r>�/x�u�{���r>q°y"�/x�w�r>q�|
- Turnouts
- Sensors
-

Ú<v��.t4y7~"u��
-

É%{"��r�v�x�����u�v���{��@�@v�u��

È¡��{"udt>��{�z¥{7~_u��@¤Ít>u@~"r>q�u�~7y�{��@¤£t/u�~"r/qI��~"u@�@¤Î~_q�w��@y_��{�w�x��>r>q�|���u@v�����{"������~"��{¨��{�{"q�t/��{+��v��.t���v���x��'~"u
��u�v_¬}{�y"tºt>��{"��{��@�¯É+{"�>r/��{"u�~����'{��°��v�u°t>��{���u@v_¬­{7y"tºr>q�y"�/x°w�{��

• 
Ï z¥�.t'{"�Ûy�v�q�y7{"��tÍw�v�y"x���{"qnt

• 
É%{"t�~_r>��{�w¯x��@{"u�� �°��~_q�x�~_�

• 
È¡¾ Ö w�v�y"x���{_q�t��
-

È¡��¬­{�y_t´��v�w�{_�Íw�r�~7|­u�~"���
-

É�z»q°~"�%r'y���v�w�{_�Íw�r�~7|­u�~"�§�
-

±¥x�q�y"t/r�v�q�~"�º��v�w�{"�4w�r�~7|¦u�~����
-

É%~"t�~¯w�r�y"t/r�v�q�~"u�z

• 
ü<v��%��r/��{�wdy"�'~��@�W�Ê��{�y"r>�.r�y�~_t�r�v�q��

• 
ù�q�r>t4ã1y"�'~��@�@änt�{��.tº����~"q��

Ö ��{��@{�w�{"�/r>��{_u}~"����{��¡~"u}{$x���{�w6~�����r>��{��.t�v�q�{���t/��u�v�x�|¦�°v�x�t t/��{�y�v�x�u@�@{$t�v!��{"�/�Ø{_q��Êx�u�{$t>��~_t£�.t>x�w�{_q�t�����{�{"�
x��§�¡r>t/�+t>��{�w�{"��~_q�w�r>q�|%��y_��{�w�x���{�q�{7y�{��@�@~�u�z¢t�v%y�v��%����{_t�{<t/��{<��u@v_¬­{�y_t��ØÈ¡q°{�v��²�+z���~ ¬­v�u²t�~��.���²r'�²t�v
��v�u1���¡r>t/��t�{�~"����v�q�t>��{"r/u��1z �.t�{_���9y�v�q�y7{"��t!w�v�y_xª��{"q�t²t�v�u@{�w�x�y�{�v���{"u1�Qz(v���t>r>��r��.t/r�y���u�v���v��@~"�'�<r/q�t'v
v�q�{��Ít>��~"t�y�~"q%�°{�y�v��%���'{"t·{�w�� Ï t>x�w�{"q�t'�Î~_u�{9~���~"u�{�v��£t>��{�y�v�������{"t/r�v�q%u@~"t�{��Îv��²��~��.t�t�{�~_���<ãÿ��u�{���{"q�t�{�w
��~_t�{"u¢r>qÌt/��r��6��~"��{"u@ä��@v�t>��{�z�x�q�wª{_u��.t'~"q�w�t>��~_t�t/��{�zÐy7~"q
y�v��%���'{"t�{¨t>��{���u@v_¬¦{�y"t��nz�t/��{×{"q�wÌv��¢t>��{
�@{"��{��.t'{"u��

Ï t>x�w�{"q�t�t�{�~"���Îw�v9��~"r/u1�Qz�{�©ª��~_x��.t>r/��{<��v�w�x��'{<t'{��.t>r/q�|+�¡��{"u}{<t/��{Î��{"�°~"��r'v�u!v��!~¯��~"u1t/r�y"x��'~"u�v���¬}{�y"tWã1�@~@z
~dt>x�u1q�v�x�t�v�u��'v�y�v���v�t/r>��{�äWr��¢��{"�>��x�q�w�{"u@�.t�v�v�w��Ì³ q�t·{�|�u@~"t>r'v�q(t'{��.t>r/q�|¨r'����v�x�q�w�{�w��nz§t>��{�{"q�w(v���t>��{
�@{"��{��.t'{"u��
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¾¶z%�.r>u@�.t���v�wn{"��u@~"r>�/u�v�~�w���~_��v�u�~"t'v�u�z§��~��!y�v�q��.t/u1x°y"t�{7w9r/q«Þ�����ß�~"t Ï ù µ ú¿û���~_t>t·�.��x�u@|¦���§üÎv�q��Êt>u1x�y_t>r�v�q
v��¡~²q�{���u@~"r>�/u�v�~�w¯�'~@z¥v�x�t£~"tºt>��{�ù�q�r>��{_u��.r/tQz�v�� µ v�u1t>��{"u1q6³�v��9~�r'�Wy"x�u.u}{"q�t>�>z9x�q°w�{"u���~@z¥�
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Ö ��{9��v�w�{_�Wu�~"r/�>u@v�~�w��d~�u�{�Ù%È®�@y�~_��{��¶����r>�'{��.��~"�/��{"ud�@y�~"�'{��d��v�x���w+��{"u1��r>tW��v�u�{�{���x�r/����{"q�t$r>q§t>��{
��~_��v�u�~"t'v�u�z¥¤�t/��{�z�~"u�{���v�u}{�{"©n��{"q��.r/��{�¤���v�u@{!w�r>�.�1r'y"x���t´t'v¯��~"r/q�t�~_r>q�¤�~"q�w¯�'{��@�°u@{�~7w�r>��z+~"��~"r/��~"���'{��

Ö v�u.x�q���x��>t/r>���'{�t/u�~"r/q���v�q�t/��{"r>u��'~�z¥v�x�t'�@¤���v�w�{"�6u�~"r/�>u@v�~�w�{�u��+t/u�~�w�r/t>r�v�q�~_�>��z�w�r>��r'w�{�t>��{�t>u@~�y"��r>q�t�v
{"�'{�y"t>u.r�y7~"�/��z6r���v���~"t'{�w%��{�y_t>r·v�q��<y�~"�/��{�w�����v�y"���@��¾¿~_qºz¢t�v�|�|¦�'{9~_q�w�u�v�t'~"u�z�����r/t�y"�°{��<~"u@{<x��@{�w�t�v�y�v�q�q°{�y"t
~9��~"u.t>r�y_x���~�u!��v���{�u6�.x������/z�ã'y�~"�/��{�w�~�y�~"�°ä�t'v§~�|­u�v�x���v��!t>u@~�y"�§����vny"���¯��{_q�{7~�t>��{�~�y"�§t/u}~"r>q���³.q�v�x�u
��~�z v�x�t�¤\t>��{�y�v��%��x�t'{�uÎy�v�qnt>u�v��'�£t/��{���v��/t�~�|»{�~"q�w���v���~�u.r>t�z�~"�����/r�{�w�t�v�{�~7y"��v��£t/��{¡����v�y_���@�¨È�x�uÎy"x�u.u}{"q�t
ù µ ³���~@z v�x�t�w�{��.r·|¦q���~���à�Æ¨����v�y"����� Ö v�w�~�z�� ����vnw�{"��u�~"r/�>u@v�~�w({_q�t>��x��.r'~��.t���v��1t'{"q(x��@{d��v�u@{6��v�w�{"u1q
w�r>u@{�y"t9w�r�|¦r/t�~_��y�v�q�t/u�v��9v��9�'v�y�v���v�t/r>��{���t�v×�@v��/��{¢t/��{6��u@v�����{"� v����%x��>t/r>���'{¢t>u@~_r/q¿y�v�q�t>u@v����¿�¹{¢��~"��{
u�{Q¬­{�y"t'{�w%t>�)r��9~_����u�vn~�y"��~��<r>t²��u�v���r�w�{��<�}{���{"u��@v��1t'�9~"u@{%wn{"��{"�'v�����{"q�t²��u�v�����{����<t'v�v�x�u9�.t>x�w�{"q�t'�9~"q�w
��{��@�W{"©n��{"u.r�{"q�y�{!��r/t>��~"q°~"�'v�|�{"�·{�y"t>u@v�q�r�y��@�

Ö x�u1q�v�x�t'�¡~"u}{�y�v�q�t/u�v��>�'{�w!�nzØ|�{�~�u�~"q�w¢�@y�u�{���w�u1r>��{_q��@�¡r>t'y"�6��~�y_��r>q�{��@� Ö ��{�y�v�����x�t�{"u�y7~_qØw�{_t·{"u1��r>q�{
~"q�w¯��v�w�r>�'z�t>��{!�Êt·~"t�{¯v��¡{7~�y"�dt/x�u1q�v�x�t'��È�x�u�y_x�u1u}{"q�tºù µ ³°�'~@z¥v�x�t4w�{��.r·|¦qd��~��WÄ�Á!t>x�u1q�v�x�t'�@�

³ÊqÓv�u@w�{�u+t�v¿w�v�y"��v���{�w��'v�v���y�v�q�t>u@v���¤Wr>t�r'�%q°{�y�{����@~_u�zÌt�v¿v���t'~"r>q���{7{�w���~7y_�Óv�q¿t>��{Ø�nu@v�y7{��@�%��{"r/q�|
y�v�q�t/u�v��>�'{�w��Ì±²v�u�t>��{d��v�w�{"��t/u�~"r/q(t>��r'���@{�{�w���~�y_��y�v�q��.r'�.t��¢v���t>��{dt>u@~"r>q����»�'v�y�~"t/r�v�q��¢~���~d�1x�q�y_t>r�v�qÌv��
t>r/��{�� Ö ��r'�°r>q��@v�u1��~"t>r'v�qdr��$v���t'~"r>q�{�w¯r>qdt���vd��~�z ���

1.
Ù%~"�>�4{"�1��{�y"tÍ��{"q��@v�u���r>q��.t'~"�>�·{�wdv�qdt>��{�t/u�~�y"��� Ö ��{��@{�~_u}{�t/u1r�|�|�{_u�{�w¯�ªz��.��~"�>�º��~7|�q�{"t'�W~"t/t�~�y"��{�w
t�vÎt>��{��.u�v�q�tÍv��W{"��{�u�z9�'v�y�v���v�t/r>��{!~"q�w¯t'v¯t>��{�u@{�~�u¡v��¡{�~�y"��y�~_��v�v��@{��

2.
p�u�~�w�r'v¯�>r/q��dr>q��.t'~"�>�'{�w¯r>q�~���v�©�y�~_u�t>��~_tÍ�@{"q�w��$~���x����@{¯��r/t>��{"��{_u�z¨����{�{"�´u@v�t·~"t>r'v�q��

È¡x�u¯y_x�u'u�{"q)t�ù µ ³Í��~�z v�x�t�w�{��.r�|­q%�°~��<Ã�Ã�Ù%~"�>��{"�'�@{�y"t$�@{"q��@v�u@�@� Ö ��{�u�~�w�r�v��>r>q���~"�>�'v����Íx��Ít�v%w�{_t�{"u.�%r>q�{
~Wt>u@~"r>q�� �Í��v)�.r>t/r�v�q¢r>q���v�u.��~�t/r�v�q¢t�v¢��r/t>��r>qØ~"��v�x�t¯Þ�y"�§��±¥u�v��Ët>��{�w�~"t·~�v���t'~"r>q�{�w��1u@v��Ët>��{W�>r/q�����{�y�~_q
~"�'�@v�y�~"�'y"x���~_t�{Ît/��{Ît>u@~"r>q�� �!�.��{�{�w���üÍx�u1u@{"q�t>�>z%t>��{_u}{�~�u�{<t���v9��u�v����'{"���!~��@�@v�y"r'~"t�{�w��¡r>t/��t>��{Îu@~�w�r�v9�/r>q����
Ö ��{�����{�{"����v�q�t/��{%��v�©Iy�~_u¨�.�>r/��v�q�t/��{%t>u@~7y"��~���t>��{�y�~"u9��v���{���� Ö ��x��9t>�°{�y�~_��y"x��'~"t·{�w�w�r��Êt�~"q�y�{
��v���{�w��nzdt/��{Wt/u}~"r>q¢r��4�'{����4t>��~"q¢t>��{�~7y"t/x�~"�²w�r��.t'~"q�y7{7� Ö ��r���{"u.u�v�uÍr/q�y"u}{�~���{��<�¡r�t/��t/r>��{�� Ö ��r��4��u�v����'{"�
r��¯~

good
��u�v����'{"� ~��!�.t>x�w�{_q�t��!y�~_q�{�~��.r/�Qz�y�v�u1u@{7y"t���v�u$t>��{9�.�>r/����~�|�{Î�ªz�x��Êr>q°|9t>��{Î��v��Êr>t>r'v�q��!v���t�~_r>q�{�w

�1u@v��Ñt>��{<�.r>©°{�w��@{"q��@v�u@�@� Ö ��{��@{7y�v�q�w���u�v����'{"�ýr'�Î~�u�{��Êx��>t�v���u@{�y@z¥y_�>r>q°|�u�~�w�r'v9t>u�~_q��.�%r/t>t�{_u��Í�1u�v��Ñ�°{"u�z
r>q�{_©ª��{_q��.r>��{%t'v�z¥�@� Ö ��{%t>u�~"q��.��r>t/t�{"u@�9��u�v�~�wny�~��Êt6v��°{"u¨~+��~"u�|�{%��v�u1t/r�v�q�v��dt>��{+�1u@{���x°{"q�y@z¿�.�°{�y"t/u1x��
��~_��r>q�|!r>t¥r/�%��v��@�Êr>����{Wt'v�x��@{W�%x��/t>r/����{Wt>u@~"q��.�%r/t>t'{"u��<~"t¥t>��{��@~_��{¡t>r/��{����¹{�~"u}{�y"x�u1u�{"q�t/�Qz���v�u1��r/q�|�v�q
~!w�{��Êr�|¦qdt'v!u�{"���'~7y�{�t>��{²u}~7w�r�v��W�¡r>t/��~"q6³ æ��/r>q����

ps�.r>q�~"����r�{�y�{dv7�$u�~"r/�>u�v�~�w6��~"u@w���~�u@{¯r���~¯��~"q�w
-
��{"��w�y�v�q�t>u@v���y�~_��� Ö ��r��$r'��~d�.��~_�>�4��v�©(��rÿt>�¨��x�t/t�v�q��@¤

��q�v����@¤�~"q�w�t'v�|�|¦��{��@�¡r>t'y���{���t/��~"t�~6��x���~"q�{_q�|­r>q�{7{"u�y�~"q�x���{dt�v(y�v�q�t>u�v���~dt�u�~_r>q�� Ö zå��r·y�~"���.t/x�w�{"q�t



��u�v_¬}{�y"t'�!~��@�Êr�|¦q���q�v������@v�uWt>u@~"r>q�t/��u�v�t>t/��{���¤»��x�t>t�v�q��²�@v�u!����r'�.t>�'{��!~"q�w9��u@~"��{��@¤¥~�q�w9t'v�|�|¦��{9�@��r/t�y"��{�����v�u
t>u@~"r>q�w�r>u�{�y"t>r'v�q¿ãÿ�@v�u���~�u�w×v�u�u�{"��{�u@�@{�ä�~"q�w���v�u%��{"t/t>r>q�|¨t>��{6q°{"©ntÎt/x�u1q�v�x�t9~"��{�~�w×v���t>��{6t>u@~"r>q¿ã ��{"�.t�v�u
u1r'|¦��t�ä.�
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p q�x��%��{_u�v��Øw�r/�1�}{_u�{"q�t���~"u�w���~�u�{�y�v�qn�1r'|¦xnu�~"t/r�v�q��6��~"��{¨��{�{"q«x���{�w«v���{"u6t���{���v�q�|���r��.t'v�u�z�v��¢t/��r��
��u�v_¬}{�y"t'�9³ÊqØv�x�uÍ�.r>u��Êt¥��~"��v�u}~_t�v�u'z ¤º�.t/x�w�{"q�t���w�{"��{_��v��°{�w�t/��{"r>u<y�v�q�t>u@v��²�@v��1t'��~"u@{�v�q�~WÉ�r'|¦r>t'~"�¥¸Î��x�r>����{"q�t
ü<v�u1��v�u�~_t>r�v¦q¢û�É�û¿Þ�Þ� 'Ä�à�� Ö ��{�z�x��@{�w6~��@{�u.r�~"� �/r>q��6t�vdw�v��¡q���v)~�w!t>��{"r/u�{"©°{�y"x�t'~"����{$��u@v�|¦u}~"����t�v6~$û�É�û
Þ�Þ� �Ä�ß�y�v�����x�t�{"u@�Ø³.q�Þ����!�¢³Wu@{�y7{"r/��{�w�~!�·~_��v�u�~"t'v�u�z�r/�%��u@v���{"��{_q�t<|�u�~"q�tÍ�.u�v��Ût>��{ µ Ï ±²� Ö ��r'��|�u�~"q�t
{"q�~"���'{�w���{<t'v�u}{"���'~�y7{<t/��{�û�É�û�Þ�Þ� 'Ä�à§��r/t>�§~��%r'y"u�v�"�p$#¹³.³!~"q�w�t>��{<û�É�û�ÞnÞ� �Ä�ß+�¡r>t/�§~"q+u.t%"�p$#ýã'~
�%r'y"u�v�"�p&# y�v��%��x�t'{"u�v���t�r>��r�Ç7{�w6��v�u�u�{�~_�

-
t/r>��{�ä1� Ö ��{¢�'z �Êt·{"� y"x�u'u@{"q�t>�Qz¨x�q�wn{"u�w�{��.r�|¦q�~"t£ù µ ³�x��@{��

PCs
�@v�u��@v��1t'��~_u}{6w�{"�°{"��v�����{_q�t�� Ö ��v�v�u�t>��u@{�{�r>q°{"©n��{"q��.r/��{!q�{"t���v�u1��{�w6�%r'y"u�v�y�v�����x�t�{"u@���¡r>�/�Í��v�v�t

~"q�wd{"©°{�y_x�t�{�t/��{!�@v��.t��9~_u�{�w�{"��{"�'v���{�w¯�ªz9t>��{¯�.t>x�w�{"q�t��@�

5\�)�����"2}&����'�%&���:�89&����

Ö ��{�r>q�t'{"u1�@~7y�{���~_u�wn��~_u}{+y�v�q�q�{�y_t��Ît/��{+y�v�q�t>u@v���y�v�����x�t�{"u@�Ît�v%t/��{�u�~_r>�>u@v�~�w%��~"u@w���~�u@{��(±¥r·|¦x�u}{�Þ�r���~
w�r�~�|¦u}~"� �.��v��¡r>q°|�t>��{���~@z�{"u@�Îr>q�t/��{+�'z¥�.t'{"����È¡q�{�v�u¯��v�u�{+üÍû�ù+�9~"u}{+y�v�q�q�{7y_t�{�w%t'v�y�v��%��{"u}y"r'~"�>�Qz
~"��~"r/��~"���'{(~_q�~"��vn|�t'vÌw�r�|­r>t·~"�%y�v�q���{"u.t�{"u@�Øã p9É%üÎä.¤!w�r�|¦r/t�~"��t�v«~"q�~"�'v�|«y�v�q��°{"u.t�{�u���ãÿÉ�p+ü<ä1¤ Ö²Ö Ús�'{"�°{"�
w�r�|­r>t�~_�°³( ·ÈÐã É9³�È9ä.¤´~"q�w�y�v�x�q�t�{"u) >t>r/��{"u@�@� Ö ��{�y�v�q�q�{7y_t>r�v�q���~�z6��{¡��~�wn{¡t>��u@v�x�|­��~"qªz�v��!~¡q�x��%��{"uÎv��
w�r>�.��{"u@{"q�tÍ��x��@{����Êx�y"�×~���³ Ï p%¤�¸�³ Ï p+¤�û�ü²³"¤�¼�û�³)*�¤°ü£p µ ¤�ù Ï *9¤�~"q�w�{"��{"q(�.t�~_q�w�~"u�w��@{"u.r�~"�<v�u¡��~"u�~"�>�'{"�
��v�u1t'�@�¢�¹{�x��@{�y"x��.t�v��
�°~"u�w���~�u�{�t�v�y�v�q�q�{�y"t°t/�°{��@{�w�{"��r'y�{��£t�v�t/�°{<u�~_r>�>u@vn~�w��·~�z v�x�t��%³Êq+t>��{Î��~��.t�¤åt/��r��
r>q�t'{"u1�@~�y7{(�'~�z {�u���~��Ø�°~"q°w���x�r/�>t§v�qý�¡r>u@{���u@~"���°{7w¹~_q�w¹��v���w�{"u@{�wÌ�nu�v�t�v�t>z)��r>q�|«��v�~�u@w��@�½³Êt+t�v�v��
y�v�q��.r'w�{"u�~_����{�{"�.��v�u1t t'v6y�v�q��.t>u.x�y"t r>t'����r/t>�dt/��{��.x�����v�u1t£v���t>��{$¾¿~@zåt�~7|!±²v�x�q�wn~"t>r'v�qØ~_q�w�æ9v�y"����{"�>�'¤n��{
~"u@{¯q�v���r>q¨t/��{¯��u�vny�{��@��v���w�{��.r·|¦q�r/q�|�~_q�wd��~"q�xn��~�y�t/x�u1r/q�|�y"r�u@y"x�r>t4��v�~_u�w��Wt>��~"t¡��r/�>�4��~"��{¯t>��r'��~��.��{�y�t
v��Í��x�r>�'w�r>q�|!t/��{W�'~"��v�u}~"t'v�u'z6�%x°y"�Ø{7~��.r�{_u²�@v�uÍx��Î~_q�w%v�t>��{_u<�@y"��v�v��'�Ít/��~"t���r'�.�¢t�v¢w�x����>r�y�~"t�{�v�x�uÎ{��1�@v�u1t����
Ö ��{�r>q�t'{"u1�@~7y�{���~�u@w���~�u@{�y�v�q��.r'�.t��+v���t>��u@{�{��.x����1z �.t·{"���+ãÿ���'v�y"��y�v�q�t/u�v���¤�t/x�u1q°v�x�tdy�v�q�t>u�v��'¤¡~"q�wØt>u@~"r>q
�@{"q���v�u��@ä°w�{"t�~_r>��{�w¯r>qdt>��{$��v��>��v��¡r>q�|9�@{�y"t/r�v�q��@�

±¥r�|­xnu�{6Þ�Ù+~"u�w���~"u�{$Ú<~@z¥{@u@�WüÎv�q�q�{�y"t>r/q�|Ît>��{!ü<v�q�t>u@v��Íü<v��%��x�t'{"u��°t'v¯t>��{�¾�v�w�{"�´æ9~"r>�/u�v�~�w

Buses

ISA
PCI

GPIB
CAN
USB
etc.

CPUs Devices

DAC
ADC
DIO

Counter/
Timer

Maytag
Rockwell
Custom
Interface
Boards

Railroad
Layout

Blocks
Turnouts
Sensors
Cabs
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Ö ��{Î����v�y_��y�v�q�t>u@v��¡�.x����'z �1t�{"� y�v�q�t>u@v�����t/��{Î��v��>t'~7|){d~"q�w9��v���~_u1r/tQz�~"�����/r�{�w9t'v�{7~�y"��t>u@~7y"������v�y_��r>q�t>��{
u�~_r>�>u@v�~�w¯��~@z v�x�t��!±¥r�|­xªu@{!Ä6�.��v����W~!�.r/q�|¦��{�t/u}~�y"�d���'v�y���y"r>u@y"x�r/t��

±¥r�|­xªu@{!Ä Ö u�~�y"��*���v�y_��ü¯v�q�t>u@v��ÍüÍr>u@y"x�r>t

Ö ��{Wt���v�~_q�~"��v�|6v�x�t>��x�t'��~�u�{�y�v�q�q�{7y"t'{�w�t'v�t/��{Wu�~"r/����v��<~Wt>u�~�y"�¢����v�y"�¢t�v¢�.x������>z6��v���{�uÍt�v�t>��{Wt>u@~"r>qØv¦q
t>��~_t¯����v�y_����¸Î~�y"��y"r/u�y"x�r/t¯��~����@v�x�u�w�r'|¦r>t'~"�¯r/q���x�t��%~_q�w¶{"r�|¦�)td~"q�~"�'vn|�r>q���x�t'�@� Ö ��u�{�{�v���t>��{�w�r'|¦r>t'~"�
r>q���x�t'�¯ã.üÎ~_� Ï {"��{�y_t�ä$~_u}{<x°�@{�w�t�v+�@{_��{7y"t$����r'y"��v��²t>�°{9{"r�|¦��t¡~"q�~"��vn|�r/q���x�t��Î��r/���°��{�x��@{�w9t'v���v���{�u²t>��{
t>u@~�y"�����'v�y"��� Ö ��{�u�{"��~"r>q�r/q�|Øw�r'|¦r>t'~"��r/q���x�t�r'�<x��@{�w¢t�vØ�@{"��{�y"t²t>��{���v��'~"u1r/t�z�v��Ît>��{���v��>t'~�|){�~"�����>r'{�w�t�v
t>��{�t>u@~�y"��� Ö ��{�~"q°~"��vn|6r>q���x�t���ãÿ��~"u1��{�wØüÎ~"�9"+v��/t�~7|){���r>q�± r·|¦xnu�{�Ä�ä£��~�z���{+�.x������/r�{�w¢�ªz(w�r�|­r>t�~_��t'v
~"q�~"�'vn|dy�v�q��°{"u1t'{�u��¡v�u4�ªzd�nu�v�|�u@~"�%��~"����{�y�v�x�q�t'{"u: /t>r>��{"u��@� Ö �°{$��~"t/t�{�u4x���{��4��x����@{��¡r�w�t>�6��v�w�x���~"t/r�v�q6t�v
y�v�q�t/u�v���t>��{��.�°{�{�w�v���~�t>u}~�r/q��¢�¹{�{"©n��{�y"t�t>�°~"t${7~�y"��v��¯v�x�u$���'v�y"��y�v�q�t>u@v��°��v�~�u�w��¯�¡r>�>�$y�v�q�t'~"r>q§�Êr>©�v�u
t���{"�/��{�����v�y_��y�v�q�t>u@v��Íy"r�u@y�x�r>t'�@�

;=<>7�5?.�<�6@24.�5�6%78.>,

Ö ��r��Îy"r>u@y"x�r>t$y�v�q�t/u�v����Î~ Ö v�u1t�v�r'�@{<��u@~"q�w+�@�¡r>t'y"�+�§~�y���r>q�{�� Ö ��{��@{9���¡r>t'y"�+��~�y���r>q�{��£t�~"��{�t>��u@{7{<t�v��1r>��{
�@{�y�v�q�w��Ît�v�y_��~"q°|�{�t>��{+w�r>u�{�y"t/r�v�q�v���~�t>xnu1q�v�x�t'� Ö ��{_u�{�~"u@{9��v�x�uÎ��v��@�.r>���'{+�.t'~"t·{��Î�@v�ud~�t/xnu1q�v�x�tA����{"�.t�¤
u1r'|¦��t�¤)��v���r>q�|9�'{"�1t'¤�~_q�wd��v���r>q�|9u1r�|¦��t���¸Î~�y"��y"r>u@y"x�r>tÍx���{���v�q�{dv�x�t>��x�t���r>t�t'v¨�@{_t4t/��{dw�r>u@{�y"t>r'v�q�v��Wt>��{
t>x�u.q�v�x�t���æ9~"t>��{"u$t>��~"q¨x��@{¯t'��v�r>q���x�t���r/t'�$t�v¨w�{"t�{_u1�¢r>q�{¯t>��{d�Êt�~"t'{dv��Wt>��{d����r/t�y"�¨��~�y"��r>q�{d��{¯x��@{¯t>��{
v�x�t>��x�tÎ��r>tÎr>q�y�v�����r>q�~"t/r�v¦q��¡r>t/��v�q�{�r>q���x�tÎ��r>tÎt>��~"tÎu�{"��v�u.t��+�¡��{"t/��{�u9t>��{¢t>x�u'q�v�x�tÎ��~���u�{�~7y"��{�wØt>��{
w�{��.r/u�{�wdw�r/u�{7y_t>r�v�q��

;�7�BDCE5GF�H15�I8.�7JI

Ö ��r��Ìy_r>u�y_x�r>t×y�v�q�q°{�y"t���t���{�Ù%~"�>�×{��1��{7y_t¶�@{"q���v�u��¿v�qËt>��{�t/u�~7y_�Ët�vË~«É9³�È½��v�~_u�wË�¡r>t>�Ër/q�t�{�u.u1x���t
y�~"��~_��r>�>r/t>r'{��@� �¹{�����~�y�{�t>��{��@{���{"q��@v�u���v�q®t/��{Ì��v�x�q�w�~"u1r'{��¶��{"t���{7{"q®t/u�~7y"�ý����v�y"����� ����{_q ~
��v�y�v���v�t>r/��{¯r���w�{_t�{�y"t'{�w�¤)t���{d�@v��.t���~"u}{¯�%x��Êt4��v���{_u¡x���t/��{¯q�{"©nt4���'v�y"�¨��{"��v�u@{�t/��{d����{�{"���$��u.r�wn|){¯t>�°{
|)~"����{"t���{7{"q�����v�y_���@� Ö �ªr'�Wr���~!��~"u�w6u�{7~"�

-
t>r/��{6w�{�~7w��/r>q�{!r>q�t>��{6�'z¥�Êt�{"�Ý~��Wt/��{!���'v�y"����v���{"u��.x������Qz

�1x���{!��r/�>�º����v��¶r>�°t>��{!�@v��.t���~"u�{$�@~"r>�'�°t�v¯��v���{"u°t>��{�q°{"©nt´���'v�y"�dr/qdt>r>��{!�
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Software
É�x�u1r>q�|�t>��{<�1r>u@�.t$�.r>©¨z´{�~�u���t/��~"t�t>��{<u@{�~"�

-
t>r/��{��1z¥�.t'{����¯y�v�x�u��@{���~��¯v��1��{"u�{�w�¤´�1t>x�w�{"q�t'�¯w�{"��{"�'v���{�w�t/��{"r>u

y�v�q�t/u�v��%y�v�w�{�r/q
ü<�
p%���.��v��¡qÌr/qÌ±¥r�|¦x�u�{(ß�¤�q�v�t'{�~"� �.x�y�y�{��@�1�1x��/��z�r>�%���'{���{"q�t'{�w�t/��{��%r/q�r>��x)�
��u�v_¬}{�y"tÍu@{���x�r>u�{"��{"q�t'������{"q�t>��{6ü��'~"q�|¦x�~7|�{6��~��Wx���{�w�� Ö v�{�~��@{6�.t/x�w�{"q�t<~"q°w6t'{�~�y"��{_u¡�'u1x��.t/u�~"t/r�v�q��¡³
��~�w�{�~_q�r/q�y"u�{7~��.r>q�|§~"��v7x�q�t�v����%z��@v��>x�t/r�v�q��6~"��~"r/��~"���'{�t�v�t>��{�t�{�~"���@��±¥r�|¦x�u@{�ß��.��v����!t>��~"t�{"��{_q
�¡��{"q(³Î��u�v���r'wª{�w¨q�{�~_u1�Qz�Á�Æ�\çv���t>��{���u�v_¬}{�y"t�y�v�w�{�¤�q�v�t�{�~_�½��~��¢�Êx�y�y�{��@�Ê�1x��¡r>q§r/�%����{_��{"q�t/r>q�|+t>��{
�%r/q�r>��x��su@{���x�r>u@{"��{"q�t'�@�

p���v�q�|Ø�¡r>t/��t/��{�q°{��I��~�u}w���~"u�{��ªu@v���r�w�{�w¢�ºz�t>��{ µ Ï ±×�1x�q�w¦r>q°|¢�@v�uÎt/��{���u�v"¬­{�y"t!��~���~+y�v��>�'{�y"t/r�v�q�v��
Ḑ
¯ü�y�v�����r>��{_u��@� Ö ��r/q���r>q�|%t/��~_tWt>��{9�'v�����{"��{_��v���t�~��.��r/q�|%�nu�v���r'w�{�w+t>��u�v�x°|����@{"��~"����v�u}{��d��~��!t>��{

��~Q¬­v�uØy�v�q�t>u.r>��x�t'v�u�t'v�t>��{���u@v�����{"� ³��@{"�·{�y_t�{�w�~¨�·~"q�|¦x°~7|){(��r/t>�
~¨�%x�y"�Ì�nr'|¦��{"u%�'{"��{"�%v��%t'~��.��r>q�|
~"���.t/u�~�y_t>r�v�q��

—
p%w�~�� ³�{"©n��{�y"t�{�w�~¶w�r'�@~��.t'{"u�t>��{��.r>u��Êtdz¥{7~"u��¡r>t/�¿t>��{Øq�{7� {���x�r>����{_q�t¨~"q�w×q�{7�

��~_q�|¦x°~7|){��Ìp%��r/q�~du�{7~"�
-
��r/��{�{"�%��{�w�w�{�w(�'z¥�.t'{"�����nu�v_¬}{�y"t�¤�³¢��~�����x�r/��w�r>q�|�t>�°{d��~"u�w���~"u�{��¡��r>��{d��z

�.t/x�w�{"q�t��!��{"u�{��<u.r>t>r/q�|�t>�°{���v��1t���~�u�{��¨³��1r>q�r'�.��{�w9t/��{<��~�u�w���~"u}{d�¡r>t/��v�q���z+à���{�{"���$u�{"��~"r>q�r/q°|�r>q¨t>��{
�@{"��{��.t'{"u��]*�x�t¯t'vØ��z¿~���~�Ç7{_��{"q�t'¤�q�{�~"u1�Qz(�1r>�.tQz×��{"u@y�{"q�t6v���t>�°{��.t/x�w�{"q�t¯t�{7~"������~�wØt>�°{"r>u���u�v_¬¦{�y"t��
��v�u1��r>q�|§��{���v�u@{�t/��{({"q�w�v��¢t>��{��@{"��{��.t�{"u@�ý³d��~�w�v�q���z��.x)�����>r�{�w�t>��{"� �¡r>t>�«t���vÌ�@~"������{(w�{_��r�y�{
w�u1r/��{"u����(p+�9�.��v���q�r/q�±¥r'|­x�u}{�à�¤Í�¡��{"q§³9�Êx������>r�{�w��@v���{+~�w�w�r>t/r�v�q�~"�!�@v��1t'��~"u@{+y�v�����v�q�{"q�t���ã.�.r>������{
�¡r>q�w�v��Ë��~�y"�°~7|){���q�v�t!u�{��'{"��~"q�t¯t'vØt>��{

real-
t>r/��{�~7�.��{�y_tdv���t>�°{���u�v_¬}{7y"t�ä.¤¡v��°{"u�Â�Ã�\ v�����z(t'{7~"���

u�v�x�t/r>q�{"�>z�y�v�������{"t�{�w¯t>��{"r/u4��u�v_¬}{�y"t'�@�

±¥r�|­xnu�{!ßÐü§Ú<~"q°|¦x°~7|){��%üÎv��%���'{"t>r'v�qdæ�~"t'{!ã1Ç7{_u�v�ä�~_q�wÎp���v�x�q�tÍv��¡ü<v�w�{ Ï x������>r'{�w
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±¥r�|­xnu�{�àÐp%wn~$Ú<~"q°|¦x°~7|){��+ü<v��%���'{"t>r'v�qdæ�~"t'{!~"q�w¯p���v�x�q�t4v��¡ü<v�w�{ Ï x������>r'{
d

�Ð��0d#+����-°A%:�&d )����������:¨8<�������!�¶;<&��>='-�v

Ö ��{�v�q��Qz�w�r>�'�@{"u}{"q�y�{¯��{_t·��{�{"q�t>�°{!z¥{7~"u@�$r>q��¡��r�y"��t�{�~"���!�Êx�y�y7{�{�wn{�w9r/q�r>�����·{"��{_q�t>r>q�|9t/��{"r>u��nu�v_¬­{�y"t��
~"q�wÓt>��v���{�r>q �¡��r�y"�Õq�vËt�{�~"� �.x�y�y�{7{�w�{�wÔ��~��Ìt>��{�r/�%���'{"��{"q�t'~"t>r'v�qÕ��~"q�|¦x�~7|�{�� Ö ��{��nu�v_¬}{�y"t
�.��{�y_r>�1r'y�~"t/r�v�q�¤6w�{��.r�|¦q�¤�~_q�wÌx�q�r/t+t�{��Êt>r>q�|«t'{�y"��q�r'��x�{7�¶w�r�wÌq�v�t+��~"u�z �ø����r/��{(t/��{(q�{�� y�v�����x�t>r>q�|
��~"u@w���~�u@{Wx��@{�w��ºzdt/��{¡p%wn~Wt�{�~"������~��4��v�u�{W��v�w�{"u1q�ã ��~��.t'{"u<~"q�w��}{���{�uÍ��u�{7~_��w�v��¡q��@ä´r/t¥��u�v���r�w�{�w�q�v
�.r'|¦q�r>�.r�y�~"q�t9r>������{"��{"q�t�~"t/r·v�q�~�w���~"q�t'~7|){��@�Ûù���v�q¿u}{�~�w�r>q°|(t/��{Ø��u�v_¬­{�y"t��>r'�.t>r/q�|)��~"q�w×t�{�~"� ��{_�%��{�u
w�r�~_u1r�{���³�y�v�q�y_�>x�w�{¶t>��~"t�t>��{¶��~ ¬}v�u�~�w���~"q�t�~7|»{���v��§p%w�~��@v�u§t>��{��@{��.t/x�w�{"q�t·����{"u@{�ã r>qÒv�u�w�{"u�v��
importance)

• 
¾¿v�w�{_�>r>q�|9v��¡��y�~"�'~"u¡v���¬­{�y�t��
-

Ï t>u@v�q�|ÎtQz»��r/q�|
-

æ9~"q�|){�y�v�q��Êt>u�~_r>q�t��
-

¸£q�x���{_u�~"t/r�v�qdt�zå��{��

• 
û�~"u@~"��{"t'{"u���v�wn{��°t>��~_t´u�{_�'��{�y_t´t>��{²��u�v�����{_�su}~"t/��{"u°t>�°~"qdt>��{²��{�y"�°~"q�r'�.�

• 
µ ~"��{�w¯��~"u}~"��{"t�{�uW~��@�@v�y"r�~"t>r'v�q

• Arra
z �W�¡��v¯r>q�w�r�y7{��Ww�v¯q°v�t´��~"��{�t'v¯��{7|¦r>q�~_tÍÇ7{"u@v

• 
æ9{"��u�{��@{"q�t�~_t>r�v�q�y_��~"x���{�����v�u¡w�{"��r'y�{$u�{7|­r��.t'{"u��Wãÿu�{�y�v�u@w!�1r�{_��wd�@{"�'{�y"t/r�v�qdu�~_t>�°{"u�t/��~"q6��r>t
masks)

• 
Ù�r�|¦��{�u°��{"��{_�Ív���~"���Êt>u�~7y_t>r�v�qd�@v�u�t'~��.��r>q°|�ã u}{"q�w�{�Ç���v�x��°u�~"t/��{"u�t/��~"q���{"��~"����v�u}{��@ä

• 
¸£©°y�{"��t/r�v�qd��~"q�w��/r>q�|

• 
psy�v��%��r/��~"t/r�v�qd��v�w�{"�´t/��~"tÍw�{"t'{�y"t'�Wv����@v���{_t�{�x�q�r/t��

³Í��v�x�q�w�t>�°~_t¥�+z�v�u1r·|¦r/q�~"���nz»��v�t>��{��.r��4t>��~_t$ü4� �£�'v����·{"��{"�¥t'~��.��r/q°|���{7y"��~"q�r'�.� ��~��4t/��{¡��~ ¬­v�uÍ��u@v����·{"�
t�v���{¯r/q�y�v�u'u@{�y"t��¨����r>�'{�p%w�~f� �$��r·|¦�¨��{"�°{"�¡v���~"���.t>u�~�y"t>r'v�q¨��v�u¡t'~��.��r>q°|���~��$�°{"�>���.x��4t�v�t>��{d�Êt>x�w�{"q�t'�@¤)r>t
��~��$t>��{d~�y�y"xnu�~"t'{¯��v�w�{"�/r�q�|�v����@y�~"�·~"u���x�~_q�t>r>t/r�{��$t/��~"t�y�v�q�t/u1r/��x�t�{�w�t/��{¯��v��.t4t1v�p+w�~�� ���.x�y7y�{��@�$r>q¨t/��r��
y�v�x�u@�@{�� Ö ��r��²r��!y�v�q��Êr��.t'{"q)t¡�¡r>t/���.t>x�w­r�{��!w�v�q�{9v�q�t>��{Îq�~_t>x�u�{9v����¡r�y"��{�w9��x�|»��r>q��@v��.t���~"u�{�Ü/Ã�áW�¡��{"u�{
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q�{�~"u.�Qz���Æ�\ v����ªu@vn|¦u�~"�%�%r>q�|�{�u1u@v�u���r/q×t>��{Øü= 'üP���(��u�vn|¦u�~"�����.t>x�w�r'{�w×��{�u}{Ø~¢u�{��.x��/t�v����nu�v����'{"���
�¡r>t>����y�~"��~_u��@�

Conclusions
Ö ��{���v�w�{_�(u@~"r>�/u�v�~�ws��u}v���r'w�{��I~"qÝ{_©�y_r>t>r/q�|Ò{"q��nr>u@v�q���{"q�t���v�u�t�{�~�y"��r>q°|Û~Óy�v�x�u@�@{�r/qÛu�{7~"�

-
t>r/��{

{"����{�w�w�{�w���z �.t�{_���@����r>t/�Øt/��{��.x�����v�u.t£t>��{�¾¿~@z»t·~7|6±²v�x�q�w�~"t>r'v�q¶~"q�w¢æ�v�y"�°��{"�>�Î��{%~"u@{�wn{"��{_��v���r>q°|
t>��{Wr/q�t�{"u.��~�y�{¡��~�u@w���~�u@{Wt�v¢~"�>�'v���x���~"q�w�v�t/��{"u<�@y"��v»v����4t�v¢{�~��.r/��z¨y�v�q�q�{7y"t²~W��~"u1r'{"t�z�v��<y�v�����x�t�{"u@�Ít'v�~
��v�w�{_�°u@~"r>�/u�v�~�w�~_t°��r>q�r>��~"�$y�v��.t��6ù µ ³¯�¡r>�/�°��~"��{<t>��{<r>q�t'{"u1��~�y�{���vª~_u�w��¯��{9wn{��.r'|¦q�~"q�w���~"q�x��}~�y_t>x�u}{
~"��~"r/��~"���'{�t'vd~"�>�'�düÎv�q�t'~�y"t ��{���v�uWw�{"t�~"r/���@�
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